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@ Haloigen-free blocide. 



@ A synergistic blocide composition Is disclosed comprising 2-methyl-3-isothlazolone and 2-n-octyl-3- 
isothiazolone which exhibits improved control against fungi and bacteria, the composition comprising 
less than 5% by weight of halogenated compounds, and preferably being halogen firee. 
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This invention relates to combinations of microblcide compounds. 

Several species of 3-isothiazolone compounds have been commercialized and are widely used to inhibit 
the growth of bacteria, fungi, and algae. By far the most widely used species is a 75 to 25 mixture of 5-chloro- 

2- methyl-a-lsothiazolone (CMI) and 2-methyl-3-isothiazolone (Ml). Other commercially used spectes are 2-n- 
5 octyl-3-isothiazoione (01) and 4,5-dichlorc)-2-oclyl-3-isothiazolone (Dl). 

Japanese Kokai Hei 01-311006 discloses certain combinations of 3-isothiazolone biocidal compounds for 
which synergy is claimed. According to said Kokai. one 3-isothiazolone from a first group is combined with 
• one from a second group. In the examples of the Kokai, the compound from the first group is always a 5-chloro 
species. The Kokai further teaches that CMI has more than 10 times the antimicrobial activity of Ml. 
10 Because of recently proposed legislatton which would outlaw the use of halogenated compounds in dis- 
charge from Industrial processes, a need has arisen for effective biockles which are not halogenated. 

Accordingly, the present invention provides in a first aspect a biocide composition comprising 2-methyl- 

3- isothia2olone and 2-n-octyl-3-isothiazolone in a synergistic ratio which exhibits improved control against 
fungi and bacteria, wherein said composition comprises less than 5% by weight of hafogenated compounds. 

15 The present inventfon also provides a method for controlling microbial growth at a locus comprising introducing 
on, at, or Into said locus a microbickJally effective amount of such composition. Afurther aspect of the Inventfon 
is the use of the above composition to control microbial growth. 

Ml and Ol are synergistic in weight rattos of between about 500:1 to about 1:100. The preferred weight 
ratio of the two isothlazolone compounds is about 1:20 to 20:1, more preferably 1:10 to 10:1. The two conv 

20 pounds can be dissolved in a soh^ent system, preferably at a concentration of about 1 to 80 parts by weight 
per 100 parts of solvent system. The Ol is only slightly soluble in water, whereas the Ml is fully soluble in water. 
Appropriate solvent systems depend on the concentration of Ol and the ratio of Ol to Ml. The solvent systems 
can thus comprise 0 to 1 00% water, and 1 00 to 0% organic sohr ent, preferably glycol such as dipropylene glycol 
and/or propylene glycol. The Ol and Ml can be added to the locus separately, and not necessarily in the same 

25 solvent systems as each other. When the 01 and Ml are to be prembced, the sonant system must teke into ac- 
count the respective solubilities of the Ol and Ml. 

While a small amount of halogenated biocide may be Included, it is preferred that none be present 
The novel combinatfon of isothiazolones has been found to be very effective in a variety of loci. e.g.. met- 
alworicing fluid, cosmetics and polymer emulsions. Concentratfons of bfocWe composition are preferably about 

30 1 to 400 ppm based on locus. Metelworking f luWs are well known to comprise lubicant, corrosion inhibitor, and 
bfocide. The preferred amount of Ml in metelworicing fluids is about 5 to 300 ppm, and the preferred amount 
of Ol is 5 to 100 ppm, with the most preferred ratio of MIiOl being from 3:1 to 1:1 . 

The same use levels and ratios are suiteble for mineral slurries, papermill slimicides, starch slurries, fuel, 
cooling water, oilfield treatment, electrocoat paint, ballast water, photoprocessing, as an algaecide in fountains, 

35 cooling water and spray wash. 

In the field of paints, the bk>cidal combination of the inventfon can be used as a bactericide, fungicide 
and/or algaecide in paints which are especially useful for decorative, fishnet and anti-foulant applications. 
When used in conjunction with polymer emulsfons. the composittons comprise water, emulsfon polymer and 
an effective amount of the biockJal compositfon. The polymer emulsions usually have a pH of at least 7, often 

4D at least 9. 

In certain applications, it is preferred to avoid the use of metal salt stabilizer which is normally used in the 
aforementfoned most wWely used species. Preferred composittons are essentially or completely free of such 
stabilizer. 

45 Example 1 - Improved Performance 

The bacterial Inoculum used in the following examples consisted of a contaminated metal woridng fluid 
supplemented with Pseudomonas oleovorsns cells suspended at a 9:1 ratio. The fluid was contaminated with 
bacteria only. Pseudomonas oleovorsns was grown on a Trypticase Soy Agar slant and incubated at 30*»C for 
50 24 hours. The cell suspension was obtained by washing the slant with 0.1M phosphate buffer. This inoculum 
was mixed at equal levels with the following organisms prior to use. 
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ATCC# 


Pseudomonas aeruginosa 


15442 


Proteus mirabilis 


4675 


Enterobacter cloacae 


529 


Citrobacter freundii 


6750 


Escherichia coli 


11229 


Klebsiella pneumoniae 


13883 


Candida albicans 


from Europe 



^5 The above cultures were maintained In an equal parts mixture of a soluble, semi-synthetlc and synthetic 
metal working fluid. The combined inoculum provided approximately 10^ cells/ml of test sample. 

The combined fungal Inoculum consisted of the following six fungi; Cephalosporium sp.. Fusarium sp., Tri- 
chosporon sp.. CT 808 Isolate. Deico Moraine Isolate, and Pillsbury P5353 Isolate. The fungi were maintained 
separately in metal working fluid and combined at equal levels prior to use. The combined inoculum provided 

20 approximately 1 0^ to 1 0^ cells/ml of test sample. 

Aliquots of a semi-synthetic metal working fluid were treated with 0, 7.5, 12.5, 25, 37.5. and 50 ppm Ol in 
combination with 0, 7.5, 12.5. 25, 37.5. and 50 ppm respectively of either Ml, CMI, El. or CEL The samples 
were then heat-aged at 30°C for 1 week. After heat ageing, the samples were inoculated with the mixed bac- 
terial or the mixed fungal inocula separately. 

25 The inoculated samples were incubated at 25*»C and evaluated weekly for microbial growth using a serial 
dilutton method. After sampling, the samples were innoculated with bacteria and fungi on a weekly basis. Mul- 
tiple challenge tests denrK>nstrate the potential for a single blocide dose to control repeated inoculatton (con- 
tamination) as encountered in the field. 

Samples which contained < 10^ colony forming units ("cfu")/ml bacteria and < 10 cfu/ml fungi were con- 

^ sidered to be effectively preserved. Table 1 shows the weeks of control of bacteria provided by these combln- 
atk>ns. Table 2 shows the weeks of control of fungi provided by these combinatk>ns. 



Table 1 



35 


Weeks of Bacterial Control 




CombinatkMi 


13 + 13 ppm 


25 + 25 ppm 


38 + 38 ppm 


50 + 50 ppm 




Ol + Ml (invention) 


1 


10 


13 


14 


40 


01 + CMI (comparath^e) 


<1 


<1 


<1 


<1 




Ol -1- El (comparative) 


2 


4 


5 


14 




Ol -1- CEI (comparative) 


2 


3 


6 


14 


45 
















Table 2 








Weeks of Fungal Control 


50 


Combinatkin 


13 + 13 ppm 


25 + 25 ppm 


38 + 38 ppm 


50 + 50 ppm 




01 + Ml (invention) 


2 


10 


12 


14 




01 * CMI (comparative) 


1 


11 


11 


14 


55 


01 + El (comparative) 


5 


10 


11 


14 




01 * CEI (comparative) 


3 


10 


13 


14 
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It is surprising that Ol and Ml, which are both norvhalogenated, can t>e as effective in controlling bacteria and 
fungi as the chlorinated analogues, and that in lower concentrations, the Ol/Ml combinations were found to 
be effe<^we over a longer period than combinations of Ol with either CMI, 2-ethyl-3-isothiazoione(El) or 5- 
ch!oro-2-ethyl-3-isothlazolone (CEI). 

5 

Example 2 - Synergy 

MIC values represent the Minimum Inhibitory Concentration. This is defined as the lowest level of com- 
pound required to completely Inhibit the growth of a given organisrh. 
10 A synergistic effect Is defined as the response of two variables which is greater than the sum of both parts 
alone. Synergy was determined from combination studies with Ml and Ol by the nnethod of calculation descri- 
bed by F. C. Kull et al., Applied Microbiology, 9, 538 (1961): 

QJQa * Qfa/Qe = 31 (synergy index) 

where: 

15 Qa is the quantity of compound A, acting alone, producing an end point (MIC) 

Qa is the quantity of compound A, in mixture, which Inhibits growth 
Qb is the quantity of compound B, acting alone, producing an end point (MIC) 
Qb Is the quantity of compound B, in mixture, which inhibits growth. 
When SI Is greater than 1 . antagonism is demonstrated. When SI equals 1 , the effect is addlth^e, and when 
20 SI is less than 1. synergy is demonstrated. 

Studies were conducted on Chlorella pymnoidosa (a green alga) with Ml and Ol. The MIC studies were 
conducted using microtlter plate assays. In this method, a wide range of concentrations was tested by preparing 
two-fold serial dilutions of the compound in a 96-well plastic microtiter plate. All liquid media transfere were 
performed with calibrated single or multichannel digital pipetters. Stock solutions of the compounds were pre- 
ss pared in appropriate solvents and dispensed to the growth medium (Allen's media) which had a pH of 7. All 
subsequent dilutions in the plate were made using Allen's media; total volume of liquid in each well was 100 
^1. The plate contained a concentration of both compounds made by serially titrating equal volumes of liquids 
in two directions in the microtiter plate. The plate contained a control row for each combination (one component 
only), hence, the individual compound MIC values were also determined. 
30 The culture of Chlorella pyrenoidosa was inoculated into the microtiter plate using a 96-prong multiple In- 
oculator (5 \s\ inoculum); each well received a standard suspension of biomass (5% inoculum). The plate was 
Incubated at 25^C under constant illumination (500 ft candles). The extent of growth was determined under 
low magnification with the aid of a microtiter plate reader. Growth/no-growth in each well was recorded after 
7 days. The results are reported in Table 3. 
35 . 

Tables 

MI and Ol Synergy Determination Against Chlorella pyrenoidosa 
Compound A= MI, Compound B = Ol 



Qa fppm) 


Qb f ppm) 


A:B 




3.14 (Qa) 


0 






1.57 


0.27 


6:1 


0.75 


n 


0.13 


12:1 


0.62 


If 


0.067 


23:1 


0 56 


N 


0.0335 


47:1 


0.53 


H 


0.0168 


93:1 


0.52 


N 


0.0084 


187:1 


0.50 


M 


0.0042 


374:1 


0.50 



4 



EP 0 676 140 A1 



n 7Q 

v. 1^ 


0.S4 


• 1.5:1 


0.75 


M 


0.27 


3:1 


0.50 


II 


0.13 


6:1 


0.37 


11 


0.067 


12:1 


0.31 


H 


0.0335 


24:1 


0.25 


0 


1.07 (Qb) 







The synergistic ratios of A:B range from 374:1 to 1.5:1. 
Example 3 - Synergy 

Studies were conducted on Pseudomonas aeruginosa (P. aeruginosa) and Escherichia co//(E. coli) with 
Ml and 01 at varying pH. These tests were conducted as described in Example 2 with the following changes: 
the media was potato dextrose broth (PDB), pH 5, either unadjusted or adjusted to pH 9.5 with 0.2 M CHES 
buffer. THe total volume of liquid in each well was 150 ^1, and the plates were incubated at 25<'C without illu- 
mination. The results are reported in Table 4. 



Table 4 

MI and OI Synergy Determination Against P. aeruginosa and K coli at pH 9.5 
Compound A= MI, Compound B = OI 



Organism 
P. aemginosa 



EcoU 



Oa(ppm) 


Oh (ppm) 


A:B 


SI 


12.5, (OA) 


0 








6.2 


6.2 


1:1 


0.74 


M 


3.1 


2:1 


0.62 


II 


1.6 


4:1 


0.56 


3.1 


12,5 


1:4 


0.75 


0 


>25 (Qb) 








12.5 (Qa) 


0 








6.2 


1.6 


4:1 


0.75 


H 


0.8 


8:1 


0.63 


It 


0.4 


16:1 


0.56 


3.1 


3.1 


1 


1 


0.75 


H 


1.6 


2 


.1 


0.51 


II 


0.8 


4 


1 


0.38 


II 


0.4 


8 


1 


0.31 


1.6 


3.1 


2 


1 


0.63 


n 


1.6 


1 


1 


0.39 


H 


0.8 


2 


1 


0.26 
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Organism 
E. Coli (com) 





Ok ^DDin) 


A:B 


SI 


n ft 


3.1 


4:1 


0.56 


11 


1.6 


1:2 


0.32 


H 


0.8 


1:1 


0.19 


If 


0.4 


2:1 


0.13 


0.4 


3.1 


1:8 


0.53 


It 


1.6 


1:4 


0.29 


0.2 


3.1 


1:16 


0.52 


0 


6.2 (Qb) 







15 



20 



25 



30 



35 



40 



The synergistic ratios of A:B range from 16:1 to 1:16. 

It was surprising to find synergy at pH 9.5. No synergy was found at pH 5. 

Exampie 4 - Synergy 

Synergy studies were conducted on the variety of bacteria listed below with Ml and Ol. These tests were 
conducted as described in Example 2 with the following changes: the media was Trypticase Soy Broth (TSB) 
(pH 7), the total volume of liquid in each well was 150 |il. and the plates were incubated at 25"* C without illu- 
mination. The results are reported in Table 5. 



Organisms Tested 




Escherichia coii 


(E. coli) 


Pseudomonas oieovorans 


(P. oieovorans) 


Pseudomonas aeruginosa 


(P. aeruginosa) 


Bnierot)acter aerogenes 


(E. aerogenes) 


Serratia marcesans 


(S. marcesans) 


Pseudomonas cepacia 


(P. cepacia) 


Pseudonfonas cepacia 


(P. putida) 


Pseudomonas oxaiicum 


(P. oxaiicum) 



45 



50 



55 
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Tables 

MI and OI Synergy Determination Against Various Organisms 
Compound A= MI, Compound B = OI 



Or ganism 
E. coli 



10 



IS 



Oa (ppm) 


Qb (ppm) 


A:B 


SI 


31 (QA) 


0 






16 


16 


1:1 


0.64 


16 


31 


1:2 


0.76 


8 


31 


1:4 


0.51 


8 


62 


1:8 


0.75 


4 


62 


1:16 


0.63 


0 


125 (Qb) 







20 



25 



30 



40 



45 



50 
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Organism 


Of, (ppm) 


Qb (ppm) 


A:B 


SI 


P. oleovorans 


8(Qa) 


0 








4 


16 


1.4 


u. /o 




2 


31 


1:16 


0.75 




1 


31 


1:31 


0.63 




0.5 


31 


1:64 


0.56 




0 


62 (Qb) 


_ 




P. aeruginosa 


125 (Qa) 


0 








62 


31 


2:1 


0.74 




31 


31 


1:1 


0.50 




31 


62 


1:2 


0.74 




0 


125 (Qb) 


_ 




E. aerogoies 


31 (QA) 


0 








16 


62 


1:4 


0.64 




16 


125 


1:8 


0.77 




8 


250 


1:31 


0.76 




0 


500 (Qb) 


- 


- 


S. marcesans 


125 (Qa) 


0 








62 


31 


2:1 


1.0 




31 


31 


1:1 


0.75 




0 


62 (Qb) 






P. cepacia 


31 (Qa) 


0 








16 


lo 


1 • 1 
1 . I 


V/. JO 




16 


31 


1:2 


0.64 




16 


62 


1:4 


0.76 




8 


125 


1:16 


0.76 




0 


250 (Qb) 






P. putida 


62 (Qa) 


0 


_ 


- 




31 


62 


1:2 


0.62 




31 


125 


1:4 


0.75 




16 


125 


1:8 


0.51 




16 


250 


1:16 


0.76 




8 


250 


1:32 


0.63 




0 


500 (QB) 
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Organism 
P. oxalicuiA 



10 



IS 

The synergistic ratios of A:B range from 8:1 to 1:64. 



Oa (ppm) 


Qt>(ppm) 




OX 


125 (OA) 


0 






62 


8 


O. i 




62 


16 


4:1 


U. /3 


31 


8 


4:1 


0.38 


31 


16 


2:1 


0.51 


31 


31 


1:1 


0.75 


16 


31 


1:2 


0.63 


0 


62 (Qb) 







20 Claims 

1. Biocide composition comprising 2-methyl-3-isothiazolone and 2-n-oclyl-3-isothiazolone In a synergistic 
ratio which exhibits improved control against fungi and bacteria, wherein said composition comprises less 
than 5% by weight of halogenated compounds. 

25 

2. Composition according to daim 1 wherein the weight ratio of 2-methyl-3-isothiazolone to 2-n-octyl-iso- 
thiazolone Is from 500:1 to 1:100. preferably from 20:1 to 1:20. 

3- Composition according to daim 2 wherein the weight ratio of 2-methy1-3-isothlazolone to 2-n-octyl-iso- 
30 thiazolone Isfrom 10:1 to 1:10. preferably from 3:1 to 1:1. 

4. Composition according to any preceding daim which Is free of halogenated compounds. 

5. Composition according to any preceding daim which is free of metal salt stabiliser. 



35 



6. A solution of a composition as defined in any preceding daim 1 wherein said 2-methyl-3-isothiazolone 
and 2-n-octyl-3-isothlazolone are dissolved in a sokent system at a concentration of from 1 to 50 parts 
by weight biodde composition per 1 00 parts sd vent system. 

40 7. A method of controlling microbial growth at or in a locus comprising introdudng on, at, or into said locus 
a compositbn as defined in any preceding daim. 

8. Locus treated against microbial growth, preferably a metal-working fluid, a cosmetic composition or a poly- 
meric emulsion composition, which contains a microbiddally effective amount of a biodde composition 

45 as defined in any of dalms 1 to 6. 

9. Locus according to daim 8 wherein the biocide composition Is present at a concentration of from 1 to 
400ppm, and the ratio of 2-methyl-3-lsothlazolone to 2-n-octyl-i80thlazdone in the composition is prefer- 
ably from 3:1 to 1:1. 

50 

10. Use of a biodde composition as defined in any of dalms 1 to 6 to inhibit or prevent microbial growth. 
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